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Synthesis and Characterization of the New Two-dimensional Layered Copper 
Phosphate Fluoride  
LIU Yu, PEI Dating 
(College of Materials, Xiamen University, Xiamen 361005, China) 
Abstract  In this paper, by a modified fluoro-hydrothermal method, a new two-dimensional copper phosphate fluoride 
Na2Cu2F2[P2O7] was synthesized with phosphoric acid as solvent, and the compounds were characterized by powder X-ray 
diffraction, single crystal X-ray diffraction, energy dispersion spectrum analysis, infrared spectroscopy analysis, thermal 
analysis and magnetic analysis. In the structure of the compound, the [Cu2O6F2] dimers are linked together by [P2O7] 
pyrophosphates forming a two-dimensional layer parallel to (100), and the Na+ ions were filled in the middle of two adjacent 
layers. Magnetic analyses show that due to the absence of spin frustration and the ordered arrangement of spin cannot be 
prevented, the magnetic susceptibility of the title compound has a long range anti-ferromagnetic order at low temperature. 
Key words  hydrothermal method?crystal structure?magnetic?copper phosphate 
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????????????????????????????????[11-14]??????[15]???
??[16]?????????????????????????????????????????
????????????????????????????????? 
?? F−????????????????????????????[17]?????????
????????????????????????????????????????????
????????????????????? ICSD ????????????????????
???? 380???????????? 18?? 
?????????????????????????????????? Na2Cu2F2[P2O7]?
????? X ?????PXRD???? X ???????  XRD?????EDS??????
?IR????-???????TG-DSC???????????????????????????
????????????? 
1????? 
1.1 ?  ? 
???????CuCl2·2H2O?????????NaF·2H2O???????NaOH??85 %???
?????????H3PO4??????????????????????? 
1.2 ???? 
?? NaF·2H2O?0.20 g, 2.56 mmol?? CuCl2·2H2O?0.40 g, 2.35 mmol???? 1 mL 85%???
???? H3PO4?14.6 mmol?????????? 25 mL ????????????? NaOH?0.2 
g, 5.00 mmol??? pH?? 2???????????????????????????????
240 ?????????? 7 d??????????????????????????????
???????????????? 
1.3 ?????? 
?????????????????????????????? 0.40 mm × 0. 31 mm× 0.12 
mm???????????? XRD ???????????? Bruker SMART APEX CCD ?? X
??????λ = 0.071 073 nm?Mo????????????????????? 203 K????
?? 45 kV?????? 30 mA???? θ?????? 2.63º~28.69º??????????????
????????? SHELXL[18]????????????????????? 
???????????????????????????? Bruker D8 Advance PXRD??λ 
= 0.154 056 nm?Cu??Ni?????? PXRD???????? 40 kV?????? 40 mA?2θ?
?????? 5º~70º? 
???????????????????????????? SU-70 ???????????
??????? EDS???????? 20 kV? 
? Thermo Scientific Nicolet iS10?????-???FT-IR??????? KBr????????
???ATR?????????????????? 4 000~400 cm−1? 4 000~650 cm−1? 
?? SDT Q600 V20.9 Build 20 TG-DSC ??? N2 ??????????????????
10 ?/min???????? 25~800 ?? 
?? Quantum Design MPMS XL-7 SQUID??????? H = 1000 Oe???????????
?????χ–T???????????? 2~300 K? 
2????? 
2.1 ???? 
????????????NaOH ?????????????????????? 0.22 g??
???????????????????????? 0.15 g?????????? NaH2PO4·2H2O
???  ???????????????????  3 
 
?????????????????????????????? 5 d???????????
?????????? 9 d????????????????????? 
2.2 ?????? 
?? Bruker SMART APEX CCD?? X???????????????? 2011??????
??? 836??Rint = 0.027???? I>2σ(I)?????? 775?????????????????
????????????????? Na2Cu2F2[P2O7]???????????? C2/m?No.12??
???? R1[I>2σ(I)] = 0.035?wR2(all) = 0.104????? S = 1.08???????????? 1???
????? XRD ????????????????????????????????????
????Bond Valence Sum?BVS?[19]????? 2 ????? 2 ???????? Na?Cu?P?
O?F? BVS???????????????????????????????????  
Na2Cu2F2[P2O7]??? PXRD???? 1????? 1?????????? PXRD ???? 1-
a?????? XRD ????????? PXRD ???? 1-b?????????????????
?????????????????????????TG-DSC???? 
?1 Na2Cu2F2[P2O7]?????? 
Tab.1 The crystal data of Na2Cu2F2[P2O7] 
???? Na2Cu2F2[P2O7] 
????/?g • mol-1? 385.00 
??????? Monoclinic?C2/m?No.12?
a/nm 1.571±0.001
b/nm 0.472 7±0.000 4
c/nm 0.949 1±0.000 7
β/(º) 99.742±0.009
????/nm3?Z 0.694 6±0.000 9?4
F(000)?µ/mm−1 736?6.76 
??????/nm???/K Mo Kα?0.071 073?203 
Rint?R1[I>2σ(I)]?wR2(all) 0.027?0.035?0.104
S 1.08
?????? 836
??????[I> 2σ(I)] 775
??????/(10-3e·nm-3)? 0.86/−0.87 
?2 Na2Cu2F2[P2O7]?BVS?? 
Tab.2 The Bond valence Sum of Na2Cu2F2[P2O7] 
?? P1 Cu1 Na1 BVS 
O1 1.385 0.245 0.156+0.155 1.941 
O2 1.291 0.525 0.176+0.103 2.095 
O3 1.169 0.455+0.439  2.063 
O4 0.972(×2)   1.944 
F1  0.480 0.214+0.114+0.076+0.045 0.929 
BVS 4.817 2.144 1.039  
??(×n)???????????? BVS? 
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? 1 Na2Cu2F2[P2O7]??? PXRD???a???? PXRD???b? 
Fig.1 The measured PXRD pattern (a) and theoretical calculated PXRD pattern (b) of Na2Cu2F2[P2O7] 
2.3 ?????? 
??????????? Diamond ???? Na2Cu2F2[P2O7]????????????????
???? 2?? 3??? 
 
? 2 Na2Cu2F2[P2O7]???????? 
Fig.2 The asymmetric unit of Na2Cu2F2[P2O7] 
?? 2 ???Na2Cu2F2[P2O7]?????????? 8 ??????????? 4 ??????
???? O ???? Na ???Cu ???P ??? F ???????????????????Cu
??? 3 ?????????? O ???1 ?????????? F ??? 1 ?????? O ??
??????????[Cu(O3F)O]?????[Cu(O3F)O]? Cu−O ??????? 0.191 7~0.219 7 
nm??? Cu−O?? dav[Cu−O] = 0.201 7 nm?Cu−F????? 0.187 2 nm?P??? 4? O???
????[PO4]????[PO4]? P−O??????? 0.148 4~0.161 5 nm????? dav[P−O] = 0.153 
8 nm??? P−O????????? 
???  ???????????????????  5 
 
 
 
? 3?Na2Cu2F2[P2O7]????? 
Fig.3 The crystal structure of Na2Cu2F2[P2O7] 
?? 3 ???? Na2Cu2F2[P2O7]???????[Cu(O3F)O]????????????????
??[Cu2O6F2]???????? 2 ?[Cu(O3F)O]????????????Cu ????????
0.297 3 nm?[PO4]???????????????????[P2O7]4-?[Cu2O6F2]?????????
??[P2O7]4-???????????????? 3(a)?????[Cu2O6F2]????? 6??????
4 ?[P2O7]4-???????? 2 ???????2 ?????????? 2 ???? F ?????
[P2O7]4-??? 6 ?????? 4 ?[Cu2O6F2]??????????? 2 ???????[Cu2O6F2]?
???[P2O7]4-???????????100???? CuPOF ???? 3(b)???Na+???????
???????? 4? O????? dav[Na-O] = 0.251 4 nm?? 4? F????? dav[Na-F] = 0.254 6 
nm?????????? 2 ? CuPOF ??????????????????????????
3(c)??? 
2.4 ????????? 
?????? Na2Cu2F2[P2O7]???????????? EDS???? 4??????????
?? Na?Cu?P?O?F 5 ???,??? XRD ??????????????,?????????
F????????????????? 
 
? 4 Na2Cu2F2[P2O7]? EDS?? 
Fig.4 The EDS spectra of Na2Cu2F2[P2O7] 
2.5 ????????? 
?? KBr ????????????? Na2Cu2F2[P2O7]??????????? IR ???? 5
????? 5 ???? Na2Cu2F2[P2O7]????????????????????[20]?????
XRD?????????????????? F????????????? 
???????[P2O7]4−????????????????PO43−??????????νas??
6 ????????????? 
 
???????νs??????????δas?????????δs??? P−O−P ???????[21-
23]?? 3-a?? 3-b?? 1214 cm−1?1 210 cm−1??1 173 cm−1?1 170 cm−1?? 1 095 cm−1 ?1 093 
cm−1????????? νas(PO43−)?988 cm−1?982 cm−1?? 888 cm−1?883 cm−1????????
? νs(PO43−)?756 cm−1?754 cm−1????????? νs(P−O−P)?631 cm−1 ????????
δas(PO43−)?756 cm−1?754 cm−1???????[P2O7]4−??????[24]?????????????
????[P2O7]4−?????????????????????????? 
 
? 5 Na2Cu2F2[P2O7]? FT-IR?? 
Fig.5 The FT-IR spectra of Na2Cu2F2[P2O7] 
2.6 ?????? 
Na2Cu2F2[P2O7]? TG-DSC ???? 6 ???? TG ????????Na2Cu2F2[P2O7]??? 2 ?
?????????? 500 ?????????????????????????? 0.6%???
?????????????????????? 100 ???????? 48 h?????????
??????????????????????????????????? 500~800 ?????
???????????????????????? 5.0%?????? DSC ?????????
??????????????? Na2Cu2F2[P2O7]??? F ??????????????????
? F ???????800 ?????????????????????????????????
?????????????? 
???  ???????????????????  7 
 
 
? 6 Na2Cu2F2[P2O7]? TG-DSC?? 
Fig.6 The TG-DSC spectra of Na2Cu2F2[P2O7] 
2.7 ??????? 
? 7 ???? Na2Cu2F2[P2O7]? χ-T ???χT-T ??? χ−1-T ????? 7 ?????? 20~300 
K ???????????????Na2Cu2F2[P2O7]?????? χ ?????χT ????????
???????-???? χ = C/(T-θCW)????????? χ−1-T???????????????
??????? C = 0.448 emu K/mol????? θCW = −91.1 K???????????? χT???
?????????????????? Cu2+????????????????? Cu2+????
?????????????????????????????????Cu2+?????????
??????????? Na2Cu2F2[P2O7]??????????????????????????
? Cu2+?????? 1.89 μB???? Cu2+???????(1.73 μB)???????????? Cu2+
???????? 
????? 20 K??????????χ????????????????????????
??[25]??? χ–T??? T = 20 K??????? TN = 20 K?????????????????
????????????????????????????? Na2Cu2F2[P2O7]????????
??? 
????????????????????????????????[26]?????????
???????????????[27-29]???????????????????????????
??????????????????????????? kagome ??? Kapellasite
?ZnCu3(OH)6Cl2?[30]????????? Cu2+????????????????????????
??????????????????????????????? 
?? Na2Cu2F2[P2O7]?????????? Cu2+?????????????????????
??????(? 3)?Cu2+????????????????????????????????
??????????? 
???? 12 K??????????χ?????????????????????????
???????? 
8 ????????????? 
 
 
(a) H = 1000 Oe?? χ–T??(?)? χT–T??(?)?(b) H = 1000 Oe?? χ−1–T??? 
? 7 Na2Cu2F2[P2O7]????? 
Fig.7 The magnetic curve of Na2Cu2F2[P2O7] 
3?  ? 
??????????????????????????????????????????
???? Na2Cu2F2[P2O7]????????????????????[Cu2O6F2]?????????
????[P2O7]4-??????????(100)??????Na+?????????????????
???????????F−????????? Cu ??????????? Cu ???? P ???
????????????????????????????????????????????
????????????????????????????????????????????
??????????????????????????? 
????? 
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